Strains of tick-borne encephalitis (TBE) virus isolated from ticks in natural foci in Austria were compared to strains isolated from the same foci 14 years previously. Comparative peptide mapping of the envelope (E) glycoproteins as well as analysis of the antigenic structure of the E proteins by the use of 14 monoclonal antibodies defining different epitopes did not provide evidence for antigenic variation. The same also holds true for isolates from a probably newly established natural focus in Western Austria. These results confirm previous data by showing that under natural ecological conditions TBE virus is quite stable and does not undergo major antigenic changes.
Tick-borne encephalitis (TBE) virus is a member of the newly established family Flaviviridae (Westaway et al., 1985) which comprises a group of about 70 distinct but serologically related lipid enveloped positive-stranded RNA viruses. Similar to several other flaviviruses (Shope, 1980 ) TBE virus represents an important human pathogen that occurs in several European countries, Russia and China. A highly purified inactivated whole virus vaccine is available that causes almost no side effects and effectively protects from disease (Kunz et al., 1980) . As is characteristic for flaviviruses in general, mature TBE virions contain only three structural proteins, termed E, C and M with estimated molecular weights of 55000, 15000 and 7500, respectively. Both E and M are associated with the lipid envelope, whereas C represents the nucleocapsid protein. Experiments using defined subviral components have shown that E protein represents the viral haemagglutinin that induces haemagglutination inhibiting, neutralizing, and protective antibodies and upon active immunization protects from disease (Heinz et al., 1981) . Generally, RNA viruses can be expected to have the potential for high mutation frequencies due to the lack of error-correcting mechanisms in RNA replication (Holland et al., 1982; Reanney, 1982) . This may also give rise to antigenic changes in envelope proteins leading to geographically defined antigenic variants or to continuous antigenic drift, as is observed with influenza virus. The potential for such changes can have strong practical implications with respect to the strain used for vaccine preparation. By the use of polyclonal and monoclonal antibodies as well as peptide mapping we have provided evidence for great stability of TBE virus strains isolated all over Europe (Heinz & Kunz, 1981 , 1982 Heinz et al., 1983) although differences in the reactivity of monoclonal antibodies have been described by another group (Stephenson et al., 1984) .
In the present report, we have analysed the E protein of TBE virus isolates with an extended panel of monoclonal antibodies defining 14 different epitopes on the TBE virus E protein (F. Guirakhoo et al., unpublished) as well as by limited proteolysis peptide mapping. These isolates were derived from a newly established natural focus in Western Austria where the first appearance of the disease had been reported in 1984 as well as from foci where the virus had already been isolated 14 years previously. Their comparative analysis should allow determination of antigenic drift under natural ecological conditions.
All strains of TBE virus analysed in the present study are listed in Table 1 . Purified virus 0000-7457 ~) 1987 SGM preparations were obtained by growing the virus in primary chick embryo cells. Concentration and purification were achieved by ultracentrifugation and two cycles of sucrose density gradient centrifugation as described previously (Heinz & Kunz, 1981) . Peptide mapping by limited proteolysis was carried out essentially as described by Cleveland et al. (1977) for purified proteins using whole purified and disrupted virus as a substrate. Briefly, the virus was TCAprecipitated and resuspended in 0-125 M-Tris-HC1 pH 6.8, containing 0.5~ SDS and 10~ glycerol at a final protein concentration of 500 txg/ml. For limited proteolysis, either ~-chymotrypsin from bovine pancreas (Serva, Heidelberg, F.R.G.) or Staphylococcus aureus V8 protease (Boehringer Mannheim) were added at a previously determined optimal concentration and incubated for 30 min at 37 °C. Then the samples were adjusted to 2~ SDS and 4~ 2-mercaptoethanol, heated at 100 °C for 5 min and subjected to SDS-PAGE using 15~ gels according to Laemmli & Favre (1973) . Monoclonal antibodies specific for the TBE virus E protein were prepared as described in detail by Heinz et al. (1983) and characterized with respect to serological specificity, functional activity and topological relationships, yielding a set of 14 antibodies that define different antigenic determinants (F. Guirakhoo et al., unpublished) . These monoclonal antibodies were used to define the antigenic structure of the different TBE virus isolates by establishing antibody titration curves in an enzyme immunoassay using highly purified virus preparations as a solid phase (Heinz et al., 1983) .
Titration curves of all monoclonal antibodies with each of the virus strains listed in Table 1 were established and representative examples are shown in Fig. 1 . Characteristically, no significant differences in antigenic reactivity were observed among these strains. SDS-PAGE analysis of purified virus preparations revealed identical molecular weights for the E proteins and also for the C proteins, with a single exception (Fig. 2a) . The C protein of the Tyrolian isolate ZZ/9 migrated distinctly faster than that of all the other strains analysed so far, corresponding to a molecular weight difference of about 1000. This could be due to a sequence deletion; the precise reason for this difference, however, remains a matter of speculation until sequence comparisons have been performed. Analysis of the genome organizations of other flaviviruses (Wengler et al., 1985 ; Rice et al., 1985; Dalgarno et al., 1986) has revealed that the coding sequences for the C proteins are located at the extreme 5' end of the genome RNA and make use of the first AUG for translation. Changes in this start codon or flanking sequences which determine the efficiency of initiation codons (Kozak, 1983) could account for the formation of a slightly smaller C protein. C proteins initiated at the second AUG have been detected in preparations of West Nile virus (Castle et al., 1985) .
Interestingly, the M protein of the two Tyrolian isolates also migrated slightly slower than that of the other Austrian strains (Fig. 2b) .
Since the molecular weight difference between the E and the C proteins is sufficiently large, peptide mapping of the E protein by limited proteolysis can be performed using whole virus preparations without the need to isolate the protein. The results of these analyses using V8 protease and ~-chymotrypsin are shown in Fig. 3 (a, b, respectively) . As can be seen, identical overall cleavage patterns were obtained for the different strains including two isolates from Yugoslavia (Stara Ves and Omerzu). As described earlier (Heinz & Kunz, 1981) , the 1971 isolate from St. P61ten revealed a characteristic intense band at approximately 31000 mol. w t (Fig. 3 a) by which it could be distinguished from all other strains. However, no differences in antigenic reactivity were observed as measured by polyclonal and monoclonal antibodies (Heinz et al., 1983) . Interestingly, the 1985 isolate from the same focus differs from the 1971 isolate and shows the same ct-chymotrypsin digestion pattern as all the other strains analysed so far (Fig. 3a) . Taken together, the analysis of TBE virus strains isolated from the same natural foci 14 years apart did not provide evidence for antigenic drift related to the E protein. The same holds true for strains derived from a natural focus in Austria which may have developed only a few years ago. Similar to other RNA viruses, however, the potential for antigenic variation can be easily demonstrated in the laboratory by selecting variants grown in the presence of neutralizing monoclonal antibodies (unpublished results).
It is obvious that, under natural ecological conditions, RNA viruses are subject to strong environmental and ecological constraints which influence the degree of variation found with natural isolates. The contrast between stability on the one hand and variability on the other seems to reflect the finding that RNA viruses may reach such a high degree of selective fitness Fig. 3 . Peptide mapping by limited proteolysis of different TBE virus isolates after digestion with ctchymotrypsin (a) and V8 protease (b). Cleavage products were separated by SDS-PAGE in 15~o gels and stained with Coomassie Brilliant Blue. The years of isolation of the different TBE virus strains are given in Table 1. under given environmental conditions that they will dominate the equilibrium population (Clewley et al., 1977) . The results presented corroborate previous studies by providing additional evidence that under natural ecological conditions TBE virus represents a quite stable virus and is not subject to major antigenic changes.
